Abstract. We analyze the electromagnetic form factors of the ground state baryon octet to fourth order in relativistic baryon chiral perturbation theory. Predictions for the Σ − charge radius and the Λ-Σ 0 transition moment are found to be in excellent agreement with the available experimental information. Furthermore, the convergence behavior of the hyperon charge radii is shown to be more than satisfactory.
Introduction
Hadrons are composite objects, characterized by certain probe-dependent sizes. Their structure can be investigated by use of electron scattering (or the inverse process). The electromagnetic structure of the proton and the neutron has been investigated over decades, the present status of the data is e.g. discussed in [1] . In the non-perturbative low-energy region of QCD, baryon chiral perturbation theory can be used to calculate these form factors. In a recent paper [2] we have shown that relativistic baryon chiral perturbation theory (employing the so-called infrared regularization of [3] ) supplemented by explicit vector meson contributions allows for a fairly precise description of these fundamental quantities for photon virtualities up to Q 2 0.4 GeV 2 . The extension of these considerations to the three-flavor case is interesting for various reasons. First, the charge radius of the Σ − has recently been measured [4, 5] and thus gives a first glimpse of an electric hyperon form factor. Second, chiral SU(3) can be subject to large kaon/eta loop corrections, and the form factors offer another window to study the corresponding convergence properties. They might thus indicate whether or not the strange quark can be considered light and lead to a better understanding of SU(3) flavor breaking. Since the chiral expansion of the form factors is well under control in the two-flavor case, one can expect to encounter a reasonably well-behaved series also in the presence of the strange quark. This expectation is borne out by the results presented in this paper. Third, one can also address some questions concerning strangeness in the nucleon, more precisely, the role of kaon loops which in simple models let one expect sizeable contributions of strange operators. Fourth, Work supported in part by funds provided by the Graduiertenkolleg "Die Erforschung subnuklearer Strukturen der Materie" at Bonn University and by the "Studienstiftung des deutschen Volkes" a e-mail: b.kubis@fz-juelich.de b e-mail: Ulf-G.Meissner@fz-juelich.de a knowledge of certain hyperon form factors is mandatory to gain an understanding of kaon photo-and electroproduction off nucleons and light nuclei as measured at ELSA and TJNAF. We will come back to most of these topics in the present manuscript. In addition, these form factors have already been calculated in the so-called heavybaryon approach [6, 7] , which is a particular limit of the regularization procedure employed here. A direct comparison with the results of that approach can shed further light on the dynamics underlying the non-perturbative baryon structure, in particular the role of recoil corrections. As a final by-product, we can also readdress the issue of the convergence of the chiral expansion for the magnetic moments, which is much discussed in the recent literature [8] [9] [10] [11] [12] [13] . The manuscript is organized as follows. In Sect. 2 we briefly define the baryon form factors and the corresponding electromagnetic radii. The formalism to obtain the one-loop representation of the form factors is given in Sect. 3. We heavily borrow from [2] and omit all lengthy formulae. The results are presented and discussed in Sect. 4. Section 5 contains a short summary and outlook.
Baryon form factors
The structure of ground state octet baryons (denoted by 'B') as probed by virtual photons is parameterized in terms of two form factors each, 
Here κ B denotes the anomalous magnetic moment. Equation (2.1) has to be generalized for the Λ-Σ 0 transition form factors which are defined according to
(see also [14] ). The form of the generalized Lorentz structure accompanying F ΛΣ 0 1 (t) is required by current conservation (which becomes obvious by contracting (2.2) with q µ and applying the Dirac equation). Different definitions which all reduce to (2.1) for m Σ 0 → m Λ are possible, however, the one given here is preferable because it still requires the normalization F ΛΣ 0 1 (0) = 0. One also uses the electric and magnetic Sachs form factors,
which are the quantities we will consider in the following. The slope of the form factors at t = 0 is conventionally expressed in terms of a radius r 2 1/2 ,
(F being a genuine symbol for any of the four electromagnetic baryon form factors), and the mean square radius of this charge distribution is given by
Equation (2.5) can be used for all form factors except for the electric ones of the neutral baryons which vanish at t = 0. In these cases, one simply drops the normalization factor 1/F (0) and defines e.g. the neutron charge radius via
Formalism
In this section, we spell out the details necessary to extend the SU(2) calculation of [2] to the three-flavor case. We work in relativistic baryon chiral perturbation theory, employing infrared regularization (IR). For details on this procedure, we refer to [3, 2] . Although the presence of different pseudo-Goldstone bosons with unequal masses entails more general loop functions than those encountered in [2], we refrain from tabulating these here. They will become available in [15] . We only spell out the various terms of the effective chiral Lagrangian underlying the calculation. Again we do not give the final formulae for the form factors since these are rather lengthy, but instead refer to [15] .
Effective Lagrangian
The chiral effective Goldstone boson Lagrangian is given by
where the octet of Goldstone boson fields is collected in the SU(3) valued matrix U (x) = u 2 (x), and the chiral vielbein is related to u via u µ = i{u † , ∇ µ u}. ∇ µ is the covariant derivative acting on the pion fields including external vector (v µ ) and axial (a µ ) sources, 
2 measures the strength of the symmetry violation, and we assume the standard scenario, B F . Furthermore, . . . denotes the trace in flavor space. The mass term leads to the wellknown lowest-order (isospin symmetric) mass formulae for pions, kaons, and the eta, which enter the description of the baryon form factors via loop contributions. We would like to point out that the mass differences between the Goldstone bosons yield the leading-order SU(3) breaking effect for these form factors. For numerical evaluation, we will use M π = 139.57 MeV, M K = 493.68 MeV (the charged pion and kaon masses), and M η = 547.45 MeV. Furthermore, it is legitimate to differentiate between different decay constants F π , F K , F η in the treatment of the chiral loops as these differences are of higher order. We will use F π = 92.4 MeV, F K /F π = 1.22, F η /F π = 1.3 (see [16] and, for a more recent determination of F K /F π , [17] ). The main motivation for not using a common decay constant is the comparison to the SU(2) results for the proton and neutron form factors, where we do not want to suggest an SU(3) effect which is only due to a numerically different treatment of the pion loops.
The meson-baryon Lagrangian at leading order reads
where the matrix-valued field B collects the ground state octet baryons and D and F are the axial vector coupling constants 1 . For these, we will use the values D = 0.80, F = 0.46 extracted from hyperon decays [18] , which obey the SU(2) constraint D + F = g A = 1.26. Here, m denotes the average baryon mass in the chiral limit. To this order, the photon field only couples to the charge
